lllliiilillllllliDIi 

r: 0 288 029 B1 

© EUROPEAN PATENT SPECIFICATION 

@ Date of publication of patent specification: 12.01.94 ® Int. C|5:G01N 21/05, G01N 15/14 

0 Application number: 88106306.9 

@ Date of filing: 20.04.88 

The file contains technical information submitted 
after the application was filed and not included in 
this specification 



J 



Europaisches Patentamt 

European Patent Office 

^ ^ ^ ^ ® Publication numb< 

Office europ6en des brevets ^ 



0 Flow-cell device. 



® Priority: 20.04.87 JP 97130/87 


@ Proprietor: HITACHI, LTD. 




6, Kanda Surugadal 4-chome 


@ Date of publication of application: 


Chiyoda-ku, Tokyo lOO(JP) 


26.10.88 Bulletin 88/43 


@ Inventor: Ohkl, HIroshI 




© Publication of the grant of the patent: 


8-1, MIglmomI 


12.01.94 Bulletin 94/02 


Tsuchlura-shi(JP) 




Inventor: Kamohara, HideakI 


® Designated Contracting States: 


1343-38. Arakawahongo 


DE GB 


AmImachI 




Inashlkl-gun Ibarakl-ken(JP) 


@ References cited: 


Inventor: MIyake. Ryo 


EP-A- 163 206 


Tsukuba Hausu 4-507. 2625-3 


US-A- 3 893 766 


Shimolnayoshi 


US-A- 4 352 558 


Chlyodamura Nllharl-gun Ibarakl-ken(JP) 


THE JOURNAL OF HISTOCHEMISTRY AND 




CYTOCHEMISTRY vol. 25. no. 7, 1977. pages 


® Representative: Altenburg, Udo, DIpL-Phys. et 


774-780; V. KACHEL et al.: "Uniform Lateral 


al 


Orientation, caused by flow forces, of flat 


Patent- und Rechtsanwaite 


particles in flow through systems" 


Bardehle-Pagenberg-Dost-Altenburg 




Frohwitter-Gelssler & Partner 


REVIEW OF SCIENTIFIC INSTRUMENTS vol. 


Gallleiplatz 1 


55. no. 9, September 1984. pages 1375-1400, 


D-81679 MUnchen (DE) 


New York, US; J.A. STEINKAMP: "Flow 




cytometry" 





OQ 
CM 



00 
00 

o 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 

13.10/3.9/3.3.31 



1 



EP 0 288 029 B1 



2 



Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a flow-cell de- 
vice and, more particularly, to a flow-cell device 
suitable for use in cellular analysis of living bodies. 

Hitherto, apparatus has been known for con- 
ducting cellular analysis of living bodies by causing 
cells extracted from a living body to flow in a flow- 
cell device while effecting photometry of the cells. 
In this apparatus, generally known as Flow-Cyto- 
meter. a light beam is applied to cells in the 
suspension of cells and on the basis of scattering 
light and fluorescence from the cells, the analyses 
of the sizes, shapes and other state of cells are 
conducted. 

In operation of the flow-cytometer, in order to 
pour the suspension of cells through a capillary 
flow passage for measurement in stable and with- 
out clogging, a method has been adopted in which 
the suspension of cells is made to flow by being 
surrounded by physiological saline. The method 
will be described with reference to Fig. 10. Fig. 10 
shows a concept of the method. In Fig. 10, the 
suspension of cells 1 , namely, sample fluid is sur- 
rounded by the physiological saline 2, namely, 
sheath fluid. That is, sheath fluid flow is formed 
around sample fluid flow and the sample fluid flow 
becomes a laminar flow. The sample fluid and the 
sheath fluid are discharged from a discharge port 3 
to the exterior. 

This method is referred to as "sheath-flow 
method", and constitutes an effective measure in 
the cellular analysis, but involves the following dis- 
advantages. Forces 4 as shown in Fig. 10 act on 
the cells in the suspension from the surfaces of the 
capillary flow passage surfaces and physiological 
saline, so that flat cells such as red corpuscle are 
oriented at random in the measuring portion, with 
the result that the measurement data of scattered 
lights and fluorescence fluctuate undesirably. 

Two measures have been taken for the pur- 
pose of overcoming these problems. One of these 
measures is to introduce a variation in the length- 
to-breadth ratio between the flow-contracting por- 
tion and the capillary flow passage as shown in Fig. 
11, so as to vary the magnitudes of the forces 
acting on the flowing cells in the longitudinal and 
breadthwise directions, thereby to uniformly orient 
the flat cells. This method is discussed in the 
Journal of Histochemistry and Cytochemistry, Vol. 
25, No. 7 (1977) pp. 774-780. 

Another measure is to adopt a wedge-shaped 
form on the end of a nozzle 5 through which the 
suspension of cells (sample fluid) is discharged 
into the flow of the sheath fluid, as shown in Figs. 
12A and 12B. Fig. 12A Is a perspective view of the 



nozzle 5. Fig. 128 Is a sectional view of the flow- 
cell showing the state of flow of the sample fluid 1 
and the sheath fluid 2 supplied from the nozzle 5. 
As shown in Figs. 12A and 128, by using a wedge- 

5 shaped form on the end of the nozzle 5, the 
sample fluid flow in the sheath fluid flow becomes 
flat. Therefore, it is possible to confine the flat cells 
in the flat flow of the sample fluid. This method is 
described in detail in "Biophysics Journal", Vol. 23 

10 (1978) pp. 7-13. 

An apparatus for such a measurement is de- 
scribed in U.S.-A-3,893,766. The flow chamber in 
this document operates with a symmetrical velocity 
distribution over the flow channel. 

75 Another apparatus for measuring special prop- 
erties of particles suspended in a fluid is described 
in EP-A-0 163 206. In this apparatus a sheath fluid 
surrounds a sample fluid at three sides so that the 
sample fluid flows on the sheath fluid. This appara- 

20 tus too works with a symmetrical velocity profile of 
the fluid in the measuring area. 

The prior arts described involve the following 
problems. Namely, in the method of Fig. 11 relying 
upon variation of the length-to-breadth ratio of the 

25 cross-section of the flow-cell, the ratio between the 
forces acting on the cell in the longitudinal and 
breadthwise directions is constant, so that the cell 
receives rotational moment depending on the initial 
posture of the cell discharged from the nozzle. In 

30 consequence, the cells fail to be oriented in the 
same direction. 

On the other hand, the known arts relying upon 
wedge-shaped form of the suspension explained 
with reference to Figs. 12A and 128 has a 

35 drawback in that the flattened flow of the suspen- 
sion tends to be twisted in the form of a ribbon, 
even by a slight turbulence of the sheath fluid 
(physiological saline), with the result that the mea- 
surement of the flat cells in the constant direction 

40 Is failed. 

Obviously, the fact that the flat cells cannot be 
measured stably in flat positions impairs the preci- 
sion of the data obtained through the measurement 
conducted at the photometry section. 

45 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention 
is to provide a flow-cell device which enables high- 
50 ly accurate photometry of cells even the cells are 
flat. 

According to the present invention, there is 
provided a sheath flow type flow-cell device for 
flow-cytometer as defined In claim 1 , 6 or 7. 
55 In the flow-cell device of the present invention, 

the flow of fluid in the capillary flow passage takes 
the form of parallel flows having a certain velocity 
gradient, i.e., the form of a sheared flow, so that 



2 



3 



EP 0 288 029 B1 



4 



the cells existing in the sheared flow are deformed 
to assume shapes symmetrical with respect to their 
axes, whereby the fiat cells are oriented in the 
same posture, thus avoiding any fluctuation of the 
photometric data and, hence, assuring high preci- 
sion of measurement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Is a sectional plan view of an embodiment 
of the flow-cell device in accordance with the 
present invention; 

Fig. 2 Is a sectional view taken along the line 11-11 
of Fig. 1 : 

Fig. 3 is an enlarged view of a portion marked at 
A in Fig. 1; 

Fig. 4 is an enlarged view of a portion marked at 
B in Fig. 3; 

Fig. 5 is a sectional view taken along the line V- 
V of Fig. 3; 

Fig. 6 is a sectional view showing the modifica- 
tion of the embodiment shown in Fig. 5; 
Fig. 7 is an enlarged view similar to that in Fig. 
3, illustrating another embodiment of the flow- 
cell device in accordance with the present in- 
vention; 

Fig. 8 is a sectional view taken along the line 
Vll-Vll of Fig. 7; 

Fig. 9 is an enlarged view similar to that in Fig. 
3, illustrating another embodiment of the flow- 
cell device in accordance with the present in- 
vention; 

Fig, 10 is a schematic illustration of a prior art 
flow-cell device; 

Fig. 11 is a sectional view of another prior art 
flow-cell device; 

Fig. 12A is a perspective view of a nozzle used 

in a prior-art flow-cell device; and 

Fig. 12B is a sectional view of the flow cell 

device incorporating the nozzle shown in Fig, 

12A, 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present inven- 
tion will be described hereinafter with reference to 
the accompanying drawings. Fig. 1 shows an em- 
bodiment of the flow-cell device of the invention. 
The flow-cell device has a first inlet 6 for sheath 
fluid 2, a second inlet 7 for suspension of cells 1 
(referred to as "sample fluid", hereinafter), a flow 
passage 9 communicating with the first inlet 6 and 
contracting downward, a straight capillary flow pas- 
sage 8 communicating with the flow passage 9 at 
an end of the latter, a discharge port 3 provided at 
a terminal end of the capillary flow passage 8, and 
a nozzle 10 opened in the flow passage 9. The 



nozzle 10 is opened in the same direction as the 
direction of flow of the sample fluid in the capillary 
flow passage 8. The capillary flow passage 8 and 
the flow passage 9 have substantially rectangular 
5 cross-sections. The top wall 15 and the bottom wall 
16 of the capillary flow passage 8 are made trans- 
parent so that measuring light can pass thereth- 
rough. 

The capillary flow passage 8 is provided with 

10 flow regulating means. Namely, one 8a of the side 
wall of the capillary flow passage has a smooth 
surface, while the other side wall 8b has roughened 
surface. In consequence, the fluid flowing through 
the capillary flow passage 8 encounters compara- 

75 tively small resistance at its portion adjacent to the 
smooth surface and comparatively large resistance 
at its portion adjacent to the roughened surface. 
The distance between the side wall 8a and the side 
wall 8b is usually as small as 50 um to 500 um. 

20 Therefore, the flow of the fluid in the capillary flow 
passage 8 forms a sheared flow. Namely, the flow 
of the fluid in the capillary flow passage 8 is a 
laminar flow having a velocity gradient pattern 14 
shown in Fig. 4. 

25 The operation of this embodiment is as follows. 
The nozzle 1 0 is supplied with a sample fluid 1 
which is a suspension fluid including cells 13 to be 
examined. The sample fluid is fed under pressure 
so that a flow of the sample fluid occurs in the 

30 capillary flow passage 8 from the end of the nozzle 
10. Meanwhile, a sheath fluid 2 is fed under pres- 
sure in the flow passage 9 around the nozzle 10. 
Thus, the sheath fluid 2 flows in such a manner 
that it surrounds or sheathes the sample fluid 1. At 

35 the same time, the flow passage 9 leading to the 
measuring section is contracted to a predetermined 
size. For these reasons, the sample fluid 1 is 
drastically contracted to form a contracted laminar 
flow. As a result, cells are made to pass through 

40 the measuring section in a one-by-one fashion. The 
flow of the fluid in the capillary flow passage 8 is a 
laminar flow having a velocity gradient, i.e., a 
sheared flow. The cell 13 subjected to the sheared 
flow, therefore, is deformed into a cell 2 which has 

45 a form symmetrical with respect to the axis thereof. 
Thus, the cell 2 becomes to have a form resem- 
bling that of a Rugby ball with its longitudinal axis 
coinciding with the direction of the flow. As a result, 
all the cells, even if they may be flat, take the 

50 same posture when they pass through the measur- 
ing section, whereby any fluctuation of the mea- 
sured data is avoided to ensure a high degree of 
precision of measurement. 

Regarding the degree of smoothness of the 

55 surfaces of the side walls, the roughness of the 
smooth surface is not greater than 1/500 of the 
distance between the side wall surfaces, while the 
roughness of the roughened surface is preferably 
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1/20 or greater of the distance between the side 
wail surfaces. More specifically, the roughness of 
the smooth wali surface ranges between 1S and 
10S, while the roughness of the roughened surface 
ranges between 100S and 1000S. 

Fig. 6 shows a modification of the embodiment 
described above. In this embodiment, the roughen- 
ed surface extends to constitute parts of the top 
wall 15 and the bottom wall 16. With this arrange- 
ment, the laminar flow of the fluid in the capillary 
flow passage 8 can have a greater velocity gradient 
than that in the embodiment shown in Fig. 5. This 
means that the modification shown in Fig. 6 pro- 
motes the tendency for the cell to assume a form 
which is symmetrical with respect to its axis, as 
compared to the case of the embodiment shown in 
Fig. 1. 

Obviously, the described embodiment of the 
present invention should be designed to enable 
measurement of scattered light and fluorescence 
through the transparent top wall 15 and the bottom 
wall 16. The width of the roughened regions 17, 18 
on the top wall and the bottom wall, therefore, 
should be not greater than 1/3 that of the distance 
between the opposing side walls, in order to enable 
such measurement. It is also necessary that the 
optical system be adjusted so as to prevent in- 
cident light and the scattered light from impinging 
upon these regions. 

In the embodiment shown in Figs. 1 and 6, the 
smoothness of the smooth wall surface may be 
formed by polishing, plating or any other known 
suitable method. The roughening of the surfaces 
may be done by knurling or fine cutting or the like. 

Another embodiment of the present invention 
will be described with reference to Figs. 7 and 8. A 
net member 19 is disposed upstream from the 
opening of the nozzle 10 across the flow passage 
9. The mesh of the net is so varied that it becomes 
finer from one 21 of the side walls towards the 
other 22. In consequence, the sheath fluid flowing 
in the flow passage 9 encounters resistance which 
varies along the plane of the net member 19 in 
accordance with the variation of the mesh. In con- 
sequence, the fluid flowing in the capillary flow 
passage exhibits a flow velocity distribution pattern 
as shown in Fig. 4, thereby the cells are deformed 
into a form which is symmetrical with respect to 
the axis thereof. In this embodiment, it is not pre- 
ferred to dispose the net member 19 downstream 
from the end of the nozzle 10, because in such a 
case the cells 13 will be undesirably caught by the 
mesh of the net member 19 to hinder the measure- 
ment. 

Another embodiment of the present invention 
will be described hereinafter with reference to Fig. 
9. 



In the embodiment, a plurality of partition walls 
20 extending in the flow direction of the flow pas- 
sage 9 are provided in the flow passage 9. The 
partition walls 20 divide the flow passage 9 into a 

5 plurality of divided flow passages. In the illustrated 
case, the flow passage 9 is divided into six divided 
flow passages 23a, 23b, 23c, 23d, 23e, 23f. The 
length of the divided flow passages are made long- 
er as the divided flow passages, locate near the 

10 side wall 21. Therefore, the flow resistance of the 
divided flow passages 23a, 23b, 23c, 23d, 23e, 23f 
are larger as they locate near the side wall 21, 
whereby a flow velocity distribution pattern of the 
sheath fluid as shown in Fig. 4 is obtained. As a 

75 result, it is possible to deform the cells in the 
sample fluid flowing through the capillary flow pas- 
sage 8 into the form which is symmetrical with 
respect to its longitudinal axis. The number of the 
partition walls may be varied as desired. 

20 As described hereinbefore, according to the 
present invention, the fluid flowing through the 
capillary flow passage forms a sheared flow over 
the entire cross-section of the capillary flow pas- 
sage. As a result, the cells in the sample fluid is 

25 deformed into a form which is in symmetry with 
respect to its axis. This ensures that all cells, even 
if they may be flat, are oriented in the constant 
direction so as to eliminate any fluctuation of the 
measured data. 

30 

Claims 

1, A sheath flow type flow-cell device for a flow- 
cytometer comprising: 

35 a first inlet (6) for sheath fluid, 

a first flow passage (9) communicating with 
said first inlet (6) and contracted toward down- 
stream, said first flow passage (9) having a 
substantially rectangular cross section and op- 

40 posing first and second side walls (8a, 8b) 

connected by top and bottom walls (15, 16) the 
top wall being transparent and designed to 
enable measurement of scattered light and flu- 
orescence therethrough. 

45 a second straight capillary flow passage (8) 

connected to said first flow passage (9) at 
downstream thereof, said second capillary flow 
passage (8) having a substantially rectangular 
cross section. 

50 a second inlet (7) for sample fluid, 

a nozzle (10) communicating with said second 
inlet (7) and opening within said first flow pas- 
sage (9) in the same direction as the flow 
direction of said second straight capillary flow 

55 passage (8). 

a discharge port (3) provided at a terminal end 
of said second straight capillary flow passage 
(8). 
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characterized by 

flow regulating means for regulating the flow of 
said sheath fluid In said second capillary flow 
passage (8) to be a lanninar flow having a 
gradient of flow velocity across said second 
straight capillary flow, said velocity decreasing 
passage (8) from said first side wall (8a) to 
said second side wall (8b), wherein said flow 
regulating means comprises said second side 
wail (8b) having a rougher surface than a sur- 
face of said first side wall (8a). 

2. A sheath flow type flow-cell device as claimed 
in claim 1, wherein said flow regulating means 
further includes a part (17) of said top wall (15) 
and a part (18) of said bottom wall (16) of said 
second capillary flow passage (9) having rough 
surface portions adjacent to said second side 
wall (8b). 

3. A sheath flow type flow-cell device as claimed 
in claim 1, wherein the surface roughness of 
said surface of said first side wall (8a) is 1/500 
and under of a distance between said first side 
wall (8a) and said second side wall (8b) and 
the surface roughness of said surface of said 
second side wall (8b) is 1/20 and over of said 
distance. 

4. A sheath flow type flow-cell device as claimed 
in claim 1, wherein the surface roughness of 
said surface of said first side wait (8a) exists 
from IS to 10S and the surface roughness of 
said surface of said second side wall (8b) 
exists from 100S to 1000S. 

5. A sheath flow type flow-cell device as claimed 
in claim 2, wherein the width of said rough 
surfaces (17, 18) of said top and bottom walls 
(15, 16) from said second side wall (8b) is 1/3 
and under of a distance between said first side 
wall (8a) and said second side wall (8b). 

6. A sheath flow type flow-cell device for a flow- 
cytometer comprising: 

a first inlet (6) for sheath fluid, 
a first flow passage (9) communicating with 
said first inlet (6) and contracted toward down- 
stream, said first flow passage (9) having a 
substantially rectangular cross section and op- 
posing first and second side walls (21, 22) 
connected by top and bottom walls the top 
wall being transparent and designed to enable 
measurement of scattered light and fluores- 
cence therethrough, 

a second straight capillary flow passage (8) 
connected to said first flow passage (9) at 
downstream thereof, said second capillary flow 



passage (8) having a substantially rectangular 
cross section, 

a second inlet (7) for sample fluid, 
a nozzle (10) communicating with said second 
5 inlet (7) and opened within said first flow pas- 

sage (9) in the same direction as the flow 
direction of said second straight capillary flow 
passage (8), 

a discharge port (3) provided at a terminal end 
10 of said second straight capillary flow passage 

(8). 

characterized by 

flow regulating means for regulating the flow of 
said sheath fluid in said second straight capil- 

75 lary flow passage (8) to be a laminar flow 

having a gradient of flow velocity across said 
second straight capillary, said velocity de- 
creasing flow passage from said first side wall 
(21) to said second side wall (22), wherein said 

20 flow regulating means comprises a net mem- 

ber (19) stretched across said first flow pas- 
sage (9) upstream from the opening of said 
nozzle (10), the mesh of said net member (19) 
being minuter from said first side wall (21) of 

25 said first flow passage (9) toward said second 

side wall (22) opposite to said first side wall 
(21). 

7. A sheath flow type flow-cell device for a flow- 

30 cytometer comprising: 

a first inlet (6) for sheath fluid, 
a first flow passage (9) communicating with 
said first inlet (6) and contracted toward down- 
stream, said first flow passage (9) having a 

35 substantially rectangular cross section and op- 

posing first and second side walls (22, 21) 
connected by top and bottom walls the top 
wall being transparent and designed to enable 
measurement of scattered light and fluores- 

40 cence therethrough, 

a second straight capillary flow passage (8) 
connected to said first flow passage (9) at 
downstream thereof, said second capillary flow 
passage (8) having a substantially rectangular 

45 cross section, 

a second inlet (7) for sample fluid, 
a nozzle (10) communicating with said second 
inlet (7) and opened within said first flow pas- 
sage (9) in the same direction as the flow 

50 direction of said second straight capillary flow 

passage (8), 

a discharge port (3) provided at a terminal end 
of said second capillary flow passage (8), 
characterized by 
65 flow regulating means for regulating the flow of 

said sheath fluid in said second straight capil- 
lary flow passage (8) to be a laminar flow 
having a gradient of flow velocity across said 
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straight capillary, said velocity decreasing flow 
passage from said first side wall (22) to said 
second side wall (21), wherein said flow regu- 
lating means comprises a plurality of partition 
walls (20) extending In said first flow passage 
(9) in the flow direction and dividing it into a 
plurality of divided flow passages (23a, 23b, 
23c. 23d, 23e, 23f) the lengths of which are 
made larger from said first side wall (22) of 
said first flow passage (9) toward said second 
side wall (21) opposite to said first side wall 
(22) to make flow resistance larger from said 
first side wall (22) toward said second side wall 
(21). 

Patentanspriiche 

1. DurchfluBzellenvorrichtung des Mantelstro- 
mungstyps fur ein Stromungs-Zytometer, die 
aufweist: 

einen ersten EinlaB (6) fUr ein Mantelfluid; 
einen ersten Stromungsdurchgang (9), der mit 
dem ersten EinlaS (6) kommuniziert und strom- 
abwSrts zusammengezogen ist, wobei der er- 
ste Stromungsdurchgang (9) einen im wesent- 
lichen rechteckigen Querschnitt und gegen- 
uberliegende erste und zweite Seitenwande 
(8a, 8b) aufweist, die durch obere und Boden- 
wSnde (15, 16) verbunden sind, wobei die obe- 
re Wand transparent ist und so ausgelegt ist, 
daB durch sie eine Messung von Streulicht und 
Ruoreszenz ermoglicht ist. 
einen zweiten geraden kapillaren Stromungs- 
durchgang (8), der mit dem ersten Stromungs- 
durchgang (9) stromabwarts davon verbunden 
ist, wobei der zweite kapillare Stromungs- 
durchgang (8) einen im wesentlichen rechtecki- 
gen Querschnitt hat, 

einen zweiten EinlaB (7) fGr ein Probenfluid, 
eine DOse (10), die mit dem zweiten EinlaB (7) 
kommuniziert und sich innerhalb des ersten 
Stromungsdurchganges (9) in derselben Rich- 
tung wie der Stromungsrichtung des zweiten 
geraden kapiilaren Stromungsdurchgangs (8) 
offnet, 

eine Ausgabeoffnung (3), die an einem An- 
schluBende des zweiten geraden kapillaren 
Stromungsdurchgangs (8) vorgesehen ist, 
gekennzefchnet durch 
eine Stromungsreguliereinrichtung zum Regu- 
lieren der Stromung des Mantelfluids in dem 
zweiten kapillaren Stromungsdurchgang (8) zu 
einer laminaren Stromung mit einem Gradien- 
ten der Stromungsgeschwindigkeit, wobei sich 
die Geschwindigkeit uber dem zweiten gera- 
den kapillaren Stromungsdurchgang (8) von 
der ersten Seitenwand (8a) zu der zweiten 
Seitenwand (8b) verringert, wobei die Stro- 



mungsreguliereinrichtung die zweite Seiten- 
wand (8b) mit einer rauheren OberflSche als 
die OberflMche der ersten Seitenwand (8a) auf- 
weist. 

5 

2. DurchfluBzellenvorrichtung des Mantelstro- 
mungstyps gemMB Anspruch 1 , wobei die Stro- 
mungsreguliereinrichtung des weiteren ein Teil 
(17) der oberen Wand (15) und ein Teil (18) 
70 der Bodenwand (16) des zweiten kapillaren 

Stromungsdurchgangs (9) mit rauhen OberflS- 
chenabschnitten neben der zweiten Seiten- 
wand (8b) aufweist. 

75 3. DurchfluBzellenvorrichtung des Mantelstro- 
mungstyps gemSB Anspruch 1, wobei die 
Gberflachenrauhigkeit der Oberflache der er- 
sten Seitenwand (8a) 1/500 und darunter einer 
Entfernung zwischen der ersten Seitenwand 

20 (8a) und der zweiten Seitenwand (8b) ist, und 

die Gberflachenrauhigkeit der Gberflache der 
zweiten Seitenwand (8b) 1/20 und darOber die- 
ses Abstandes ist. 

25 4. DurchfluBzellenvorrichtung des Mantelstro- 
mungstyps gemaB Anspruch 1, wobei die 
Gberflachenrauhigkeit der Gberflache der er- 
sten Seitenwand (8a) von IS bis 10S betragt, 
und die Gberflachenrauhigkeit der GberflSche 

30 der zweiten Seitenwand (8b) von 100S bis 

1000S betragt. 

5. DurchfluBzellenvorrichtung des MantelstrO- 
mungstyps gemaB Anspruch 2, wobei die Brei- 

35 te der rauhen GberflSchen (17, 18) der oberen 

und der Bodenwand (15, 16) von der zweiten 
Seitenwand (8b) 1/3 und darunter eines Ab- 
standes zwischen der ersten Seitenwand (8a) 
und der zweiten Seitenwand (8b) ist. 

40 

6. DurchfluBzellenvorsichtung des Mantelstro- 
mungstyps fur ein Stromungs-Zytometer, die 
aufweist: 

einen ersten EinlaB (6) fOr ein Mantelfluid; 

45 einen ersten Stromungsdurchgang (9), der mit 

dem ersten EinlaB (6) kommusiziert und strom- 
abwarts zusammengezogen ist, wobei der er- 
ste Stromungsduschgang (9) einen im wesent- 
lichen rechteckigen Querschnitt und gegen- 

50 Oberliegende erste und zweite SeitenwSnde 

(21, 22) aufweist, die durch obere und Boden- 
wSnde verbunden sind, wobei die obere Wand 
transparent ist und so ausgelegt ist, daB durch 
sie eine Messung von Streulicht und Ruores- 

65 zenz ermoglicht wird, 

einen zweiten geraden kapillaren Stromungs- 
durchgang (8), der mit dem ersten Stromungs- 
durchgang (9) stromabwarts davon verbunden 
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ist, wobei der zweite kapillare Stromungs- 
durchgang (8) einen im wesentlichen rechtecki- 
gen Querschnitt aufweist 
einen zweiten EinlaB (7) fur ein Probenfluid, 
eine Duse (10), die mit dem zweiten EinlaS (7) 5 
kommuniziert und sich Innerhalb des ersten 
Strbmungsdurchganges (9) in der gleichen 
Richtung wie die Stromungsrichtung des zwei- 
ten geraden kapillaren Stromungsdurchgangs 
(8) geQffnet ist, io 
eine AusgabeSffnung (3), die an einem An- 
sclilufiende des zweiten geraden kapillaren 
Stromungsdurchgangs (8) vorgesehen ist, 
gekennzeichnet durch 

eine StrQmungsreguliereinrichtung zum Regu- 75 
lieren der Str6nDung des Mantelfluids in dem 
zweiten geraden kapillaren Stromungsdurch- 
gang (8) zu einer lamtnaren Stromung mit ei- 
nem Gradienten der Stromungsgeschwindig- 
keit, wobei sich die Geschwindigkeit Ober dem 20 
zweiten geraden kapillaren Stromungsdurch- 
gang von der ersten Seitenwand (21) zu der 
zweiten Seitenwand (22) abnimmt, wobei die 
Str5mungsreguliereinrichtung ein Netz (19) 
aufweist, das Uber dem ersten Str5mungs- 25 
durchgang (9) stromaufwarts von der Offnung 
der DOse (10) gespannt ist, wobei die Ma- 
schung des Netzes (19) sehr gering von der 
ersten Seitenwand (21) des ersten Stromungs- 
durchganges (9) in Richtung auf die zweite 30 
Seitenwand (22) gegenGber der ersten Seiten- 
wand (21 ) ist. 

Durchflufizellenvorrichtung des Mantelstro- 
mungstyps fOr ein Stromungs-Zytometer, die 35 
aufweist: 

einen ersten EinlaB (6) fur ein Mantelfluid; 
einen ersten Stromungsdurchgang (9), der mit 
dem ersten EinlaB (6) kommumziert und strom- 
abwarts zusammengezogen ist, wobei der er- 40 
ste Stromungsdurchgang (9) einen im wesent- 
lichen rechteckigen Querschnitt und gegen- 
Oberliegende erste und zweite SeitenwSnde 
(22, 21) aufweist, die durch obere und Boden- 
wande verbunden sind, wobei die obere Wand 45 
transparent ist und so ausgelegt ist, dafl durch 
sie eine Messung von Streulicht und Fluores- 
zenz ermoglicht wird, 

einen zweiten geraden kapillaren Stromungs- 
durchgang (8), der mit dem ersten Stromungs- so 
durchgang (9) stromabwSrts davon verbunden 
ist, wobei der zweite kapillare Stromungs- 
durchgang (8) einen im wesentlichen rechtecki- 
gen Querschnitt aufweist, 

einen zweiten EinlaB (7) fUr ein Probenfluid, 56 
eine DGse (10), die mit dem zweiten EinlaB (7) 
kommuniziert und innerhalb des ersten Stro- 
mungsdurchganges (9) in der gleichen Rich- 



tung wie die Stromungsrichtung des zweiten 
kapillaren Stromungsdurchgangs (8) geOffnet 
ist, 

eine Ausgabeoffnung (3), die an einem An- 
schluSende des zweiten kapillaren Stromungs- 
durchgangs (8) vorgesehen ist, 
gekennzeichnet durch 
eine Stromungsreguliereinrichtung zum Regu- 
lieren der Stromung des Mantelfluids in dem 
zweiten geraden kapillaren StrSmungsdurch- 
gang (8) zu einer laminaren Stromung mit ei- 
nem Gradienten einer Stromungsgeschwindig- 
keit, wobei sich die Geschwindigkeit uber dem 
geraden kapillaren Stromungsdurchgang von 
der ersten Seitenwand (22) zu der zweiten 
Seitenwand (21) verringert, wobei die Stro- 
mungsreguliereinrichtung eine Vielzahl von Un- 
terteilungswanden (20) aufweist, die sich in 
dem ersten Stromungsdurchgang (9) in der 
Stromungsrichtung erstrecken und ihn in eine 
Vielzahl von unterteilten Stromungsdurchgan- 
gen (23a, 23b. 23c, 23d, 23e. 23f) unterteilen. 
deren Langen groBer ausgefUhrt sind von der 
ersten Seitenwand (22) des ersten StrSmungs- 
durchganges (9) in Richtung auf die zweite 
Seitenwand (21) gegenUber der ersten Seiten- 
wand (22), um den Stromungswiderstand von 
der ersten Seitenwand (22) In Richtung auf die 
zweite Seitenwand (21) groBer zu machen. 

Revendicatlons 

1. Un appareil h cellule d'^coulement du type h 
^coulement enveloppant pour un cytomfetre h 
^coulement, comprenant : 

une premiere entree (6), pour le flutde 
d'enveloppement, 

un premier passage d'^coulement (9), 
communiquant avec cette premiere entree (6) 
et allant en se restreignant vers I'aval, ce pre- 
mier passage d'^coulement (9) pr^sentant une 
section droite essentiellement rectangulaire et 
faisant face k une premiere et k une seconde 
paroi lat^rales (8a, 8b) reliees par des parols 
superieure et inf§rieure (15, 16), la paroi supe- 
rieure etant transparente et congue de mani^re 
k permettre une mesure h son travers de la 
lumi^re dispers^e et de la fluorescence, 

un second passage d'^coulement capillaire 
^troit (8), reli^ au premier passage d'ecoule- 
ment (9) en aval de celui-ci, ce second passa- 
ge d'^coulement capillaire (8) pr^sentant une 
section droite essentiellement rectangulaire, 

une seconde entree (7), pour un fluide 
^chantillon, 

une buse (10), communiquant avec cette 
seconde entree (7) et s'ouvrant dans le pre- 
mier passage d'^coulement (9) dans le meme 
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sens que le sens d'^coulement du second 
passage d*4coulement capillaire §troit (8), 

un orifice d'^vacuation (3), dispose k une 
extr^mite terminale du second passage 
d'^coulement capillaire ^troit (8), 

caract^ris^ par 

des moyens r^gulateurs de d^blt, pour r^- 
guler le d^blt du fluide d'enveloppement dans 
le second passage d'ecoulement capillaire (8) 
de mani^re k obtenir un ^coulement laminaire 
pr^sentant un gradient de vitesse d'ecoule- 
ment, cette Vitesse diminuant sur I'etendue du 
second passage d'ecoulement capillaire ^troit 
(8) depuis la premiere parol late rale (8a) jus- 
qu'^ la seconde parol lat^rale (8b). ces 
moyens r^gulateurs de d6bit comprenant le 
fait que la seconde parol lat^rale (8b) possede 
une surface plus rugueuse qu'une surface de 
la premiere parol laterale (8a). 

2. Un apparei! a cellule d'ecoulement du type a 
ecoulement enveloppant selon la revendication 
1, dans lequel les moyens regulateurs de d6bit 
comprennent en outre le fait qu'une partie (17) 
de la parol sup^rieure (15) et une partie (18) 
de la parol inferieure (16) du second passage 
d'ecoulement capillaire (9) pr^sentent des por- 
tions de surface rugueuse au voisinage de la 
seconde parol laterale (8b). 

3. Un appareil a cellule d'ecoulement du type k 
ecoulement enveloppant. dans lequel la rugosi- 
ty de surface de ladite surface de la premiere 
parol laterale (8a) est de 1/500 et sous une 
distance comprise entre la premiere parol late- 
rale (8a) et la seconde paroi laterale (8b), et la 
rugosite de surface de ladite surface de la 
seconde paroi laterale (8b) est de 1/20 et au- 
dessus de cette distance. 

4. Un appareil a cellule d'ecoulement du type k 
ecoulement enveloppant, dans lequel la rugosi- 
te de surface de ladite surface de la premiere 
paroi laterale (8a) existe de 1S ^ 10S et la 
rugosite de surface de ladite surface de la 
seconde paroi laterale (8b) existe de IOCS k 
1000S. 

5. Un appareil a cellule d'ecoulement du type k 
ecoulement enveloppant. dans lequel la largeur 
des surfaces rugueuses (17, 18) des parois 
supeheure et inferieure (15, 16) depuis la se- 
conde paroi laterale (8b) est d'1/3 et sous une 
distance comprise entre la premiere parol late- 
rale (8a) et la seconde paroi laterale (8b). 

6. Un appareil k cellule d'ecoulement du type k 
ecoulement enveloppant pour un cytometre k 



ecoulement, comprenant : 

une premiere entree (6), pour le fluide 
d'enveloppement, 

un premier passage d'ecoulement (9), 

5 communiquant avec cette premiere entree (6) 

et allant en se restrelgnant vers I'aval, ce pre- 
mier passage d'ecoulement (9) presentant une 
section droite essentiellement rectangulaire et 
faisant face k une premiere et k une seconde 

70 paroi laterales (21, 22) reliees par des parois 

superieure et inferieure, la parol superleure 
etant transparente et con Que de maniere k 
permettre une mesure k son travers de la 
lumiere dispersee et de la fluorescence, 

75 un second passage d'ecoulement capillaire 

etroit (8), relie au premier passage d'ecoule- 
ment (9) en aval de celui-ci, ce second passa- 
ge d'ecoulement capillaire (8) presentant une 
section droite essentiellement rectangulaire, 

20 une seconde entree (7), pour un fluide 

echantillon, 

une buse (10), communiquant avec cette 
seconde entree (7) et s'ouvrant dans le pre- 
mier passage d'ecoulement (9) dans le m§me 

25 sens que le sens d'ecoulement du second 

passage d'ecoulement capillaire etroit (8), 

un orifice d'evacuation (3), dispose k une 
extremite terminale du second passage 
d'ecoulement capillaire etroit (8), 

30 caracterlse par 

des moyens regulateurs de debit, pour re- 
guler le debit du fluide d'enveloppement dans 
le second passage d'ecoulement capillaire (8) 
de maniere k obtenir un ecoulement laminaire 

35 presentant un gradient de vitesse d'ecoule- 

ment, cette vitesse diminuant sur I'etendue du 
second passage d'ecoulement capillaire etroit 
depuis la premiere paroi laterale (21) jusqu'^ la 
seconde paroi laterale (22), ces moyens regu- 

40 lateurs de debit comprenant un organe formant 

filet (19) etire sur I'etendue du premier passa- 
ge d'ecoulement (9) en amont de I'ouverture 
de la buse (10), recartement entre mailles de 
cet organe formant filet (19) allant en se res- 

45 serrant depuis la premiere paroi laterale (21) 

du premier passage d'ecoulement (9) en direc- 
tion de la seconde paroi laterale (2) en vis-^- 
vls de cette premiere paroi laterale(21). 

50 7. Un appareil k cellule d'ecoulement du type k 
ecoulement enveloppant pour un cytometre k 
ecoulement, comprenant : 

une premiere entree (6), pour le fluide 
d'enveloppement, 

65 un premier passage d'ecoulement (9), 

communiquant avec cette premiere entree (6) 
et allant en se restreignant vers Taval, ce pre- 
mier passage d'ecoulement (9) presentant une 
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section droite essentiellement rectangulaire et 
faisant face h une premiere et ^ une seconde 
paroi laterales (22. 21) retires par des parois 
sup^rieure et inf^rieure, la paroi sup^rieure 
§tant transparente et congue de manifere h s 
permettre une mesure k son travers de la 
lumi^re dispers^e et de la fluorescence, 

un second passage d*§coulement capillaire 
etrolt (8), reli^ au premier passage d'^coule- 
ment (9) en aval de celui-ci, ce second passa- io 
ge d'^coulenr^ent capillaire (8) pr§sentant une 
section droite essentiellement rectangulaire. 

une seconde entree (7). pour un fluide 
echantillon, 

une buse (10), communiquant avec cette 75 
seconde entree (7) et s'ouvrant dans le pre- 
mier passage d*§coulement (9) dans le memo 
sens que le sens d'^coulement du second 
passage d'^coulement capillaire ^troit (8), 

un orifice d'4vacuation (3), dispose h une 20 
extr^mite terminale du second passage 
d'^coulement capillaire etrolt (8), 

caract^rlse par 

des moyens r^gulateurs de d^bit, pour r6- 
guler le d^bit du fluide d'enveloppement dans 25 
le second passage d'ecoulement capillaire (8) 
de maniere h obtenir un ^coulement laminaire 
pr^sentant un gradient de vitesse d'^coule- 
ment, cette vitesse diminuant sur I'^tendue du 
second passage d'ecoulement capillaire etrolt 30 
depuis la premiere paroi laterale (22) jusqu*^ la 
seconde paroi laterale (21), ces moyens r^gu- 
lateurs d'ecoulement comprenant une plurality 
de parois de separation (20) s'^tendant dans le 
premier passage d'ecoulement (9) dans le 35 
sens d'ecoulement et divisant celui-ci en une 
pluralite de passages d'ecoulement divises 
(23a, 23b, 23c. 23d, 23e, 23f) dont les lon- 
gueurs sont rendues croissantes depuis la pre- 
miere paroi laterale (22) du premier passage 40 
d'ecoulement (9) jusqu'^ la seconde paroi late- 
rale (21) en vis-^-vis de cette premiere paroi 
laterale (22), afin de procurer une resistance k 
recoulement croissante depuis la premiere pa- 
roi laterale (22) jusqu*li la seconde paroi latera- 45 
le (21). 
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FIG. 4 
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FIG. 8 
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FIG. 9 
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FIG. 11 
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